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® Improved process for recovering microblaily produced interferonbeta. 



© An approved procedure for the purification and renaturafion of biologically active, bacterially produced IFN- 
beta is described. The partially purified material obtained by solubilization of isolated refractile Ijodies from the 
recombinant cells is treated to obtain reduction of the protein in the presence of a chaotropio environment and 
then oxidized after removal of the reducing agent However, the chaotropic environment is retained during the 
oxidation. Upon removal of the chaotropic environment a solubilizing additive is supplied to maintain the IFN- 
beta in solution. Further purification by conventional means may also be effected. 
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IMPROVED PROCESS FOR RECOVERING MICROB1ALLY PRODUCED INTERFERON-BETA 



Technical Field 

This invention is in the field of biochemical engineering. More particularly, the invention concerns an 
improved biochemical separation or recovery process in which recombinant interferon-beta (rIFN-beta) is 
s recovered in substantially pure form from the transformed microorganisms in which it is made, and then 
oxidized and renatured. 



Background 

10 

Naturally occurring interferons (IFNs) are species-specific proteins, often glycoproteins, produced by 
various cells upon induction with viruses, double-stranded RNAS. other polynucleotides, antigens and 
mitogens. Interferons exhibit multiple biological activities such as antiviral, antiproliferative, immunomodula- 
tory and anticellular functions. At least three distinct types of human interferons have been Identified and 
75 characterized in terms of their antiviral, anti-growth and activation of natural killer cell (NK) activities. They 
are produced by leukocytes, lymphocytes, fibroblasts and the immune system and are classified as alpha, 
beta and gamma interferons. These are reported to be different proteins coded for by distinct structural 
genes. 

Native human beta-interferon (HulFN-beta) is generally produced by superinducing human fibroblast 
20 cultures with poly-IC (polyriboinosinic acid and polyribocytidylic acid) and isolating and purifying the HulFN- 
beta thus produced by chromatographic and electrophoretic techniques. Proteins or polypeptides which 
exhibit native beta-interferon-llke properties may also t>e produced using recombinant DNA technology by 
extracting poly-A-rich 12S messenger RNA from virally induced human cells, synthesizing double-stranded 
cDNA using the mRNA as a template, introducing the cDNA into an appropriate cloning vector, transforming 
25 suitable micro-organisms with the vector, harvesting the bacteria and extracting the HulFN-beta therefrom. 
Nagola. S.. et ah. Nature (1980) 287:411; Yelverton. et aU Nuc Acid Res (1981) 9:731; Steuli, M., et al., 
Proc Natl Acad Sci (USA) (1981) 78;2848; European Patent Applications Nos, 28033. published 6 May 1981; 
321134. published 15 July 1981; 34307. published 26 August 1981; and Belgian Patent 837397. issued 1 
July 1981. describe various currently used methods for the production of beta-interferon employing 
30 recombinant DNA techniques. The expressed proteins of polypeptides have been purified and tested and 
have been found to exhibit properties similar to those of native IFNs. Bacterially produced IFNs thus appear 
to have potential therapeutic use as antiviral and antitumor agents and the production of IFNs by such 
bacterial fermentations is expected to yield sufficiently large quantities of IFN at a relatively low cost of 
clrnicaf testing. 

36 Further. HulFN-beta genes have been altered by. for example, oligonucleotide-directed mutagenesis to 
produce IFN-beta protein analogs thereof, such as the human recombinant cysteine-depteted or cysteine- 
replaced interferon-beta analogs (muteins) disclosed in U.S. Patent 4.588.585. issued 13 May 1986 to Mark 
et al. Specificaily disclosed in that patent is the recombinant lFN-t}eta wherein the cysteine at position 1 7 is 
replaced by the neutral amino add serine. That (FN-beta analog is IFN-betasen?- 

40 Microbially produced riFN-t)eta to which this invention applies is not glycosylated and is produced in a 
denatured state, ft is insoluble and. when expressed at high levels, it precipitates intracellutariy in the form 
of "refractile" or "indusion" bodies whk^h appear as bright spots visible within the enctosure of the ceil 
under a phase contrast microscope at magnifications down to 1000 fold. 

The heretofore available methods for recovering microbially produced riFN-ljeta from the organisms 

45 that produce it are described t>e(ow. 

Procedures for recovering and purifying bacterially produced IFNs are descritied in U.S. Patents 
4,450.103; 4.315.852; 4.343,735; and 4,343,736; and In Oerynch et al„ Nature (1980) 2a7:193-197, and 
Scandella and Komberg, Biochemistry (1971) 10:4447. With these methods the IFN generally Is not 
produced in a sufficiently pure fonm and In sufficiently large quantities for clinical and therapeutic purposes, 

so and the resulting IFN preparations produced by recomt)inant DtMA techniques have residual amounts of 
chemicals, such as sodium dodecyl sulfate (SOS) and other surfactants or predpitants used in the 
extraction and purification steps. 

• U.S. Patent 4,620.928 describes a process for recovering rIFN-beta from an rIFN-beta-producing micro- 
organism in which the cell is disrupted; non-rlFN-beta proteins are extracted selectively from the disruptate 
using an aqueous solution of a cfiaotropic agent such as urea or guanidine: the riFN-beta is solubilized in a 
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denaturing environment, such as guanidine, containing a reducing agent; the reducing agent, after a suitable 
tinrie, is removed from the solution: the rIFN-beta is subjected to a controlled oxidation; and the oxidized 
rIFN-beta is renatured. optionally followed by a combination of HPLC and gel filtration steps. 

Commonly owned U.S. Patents 4.530,787 and 4,572.978 describe techniques for carrying out the 

5 controHed oddation step referred to above. The former patent uses o-iodosobenzoic acid as an oxidizing 
agent and the latter uses Cu ^ cation as an oxidation promoter. 

European Patent Application No. 206.828 and U.S. Pat. No. 4.748.234 and entitled "Process for 
Recovering Refractile Bodies Containing Heterologous Proteins from Microbial Hosts" disclose methods for 
recovering and purifying refractile bodies of various proteins from E. coli. To isolate the refractile material. 

fo the processes initially involve disrupting the cell wall and membrane of the host celt, removing greater than 
99% by weight of the salts from the disruptate. redisrupting the desalted disruptate, adding a material to the 
disruptate to create a density or viscosity gradient In the liquid within the disruptate. and separating the 
refractile material from the cellular debris by high-speed centrihigation. The refractile protein is then 
solubllized with a solubilizing agent such as SOS. chromatographed to remove high molecular weight 

IS contaminants, oxidized, and purified by HPLC. ultrafiltration, and gel fUtration. The process of tfie present 
invention uses some of tiie techniques disclosed In these applications to obtain the solubiBzed IFN-t^eta 
starting material. 

in addition. U.S. Patents 4.511.502: 4.511.503; 4.512.922 and 4.518.526; and EPA 114,506 describe a 
similar procedure for recovering heterologous proteins in general from retractile bodies. In such processes, 
20 the oxidation and renaturation of tiie recombinant protein are earned out In a single step. 

Purification procedures for IFN-beta produced recombinantiy in bacteria have been published by Un. 
L.S., et al.. Methods in Enzymology (1986) 119:183: and by Moscheva. J A. et al., ibid., p. 177. 



2S Disclosure of the Invention 

The invention is an improvement in a process for recovering rIFN-beta from transformed microorgan- 
isms containing the rlFN-beta In insoluble inclusion or refractile bodies. The rIFN-beta is separated from the 
bulk of the cellular components of the microorganisms and solubilized in a reduced form. In the process of 

30 ttie invention, the reduced, solubilized IFN-beta preparation is oxidized in a chaotropic environment and 
thereafter renatured in the presence of a stabilizing additive, and then purified to ciinicatiy acceptable 
pyrogen and endotoxin specifications. 

The invention comprises oxidizing tiie denatured, recovered riPN-beta from bacteria by placing tiie 
riFN-beta disposed in a solution of a chaotropic agent (after removing any solids from the solution) into 

35 contact with an oxidizing agent, and tiiereafter renaturing tiie rlFN-beta from tiie solution in tiie presence of 
a stabilizing additive. In this way a renatured, oxidized, purified riFN-beta having improved water soUibirity 
and stability is obtained. 

Thus, in one aspect, tiie Invention relates to a process to obtain purified, biologically active, bacteriaily 
produced IFN-beta, wherein tiie process comprises subjecting reduced, solubilized, bacteriaily produced 
40 IFN-beta in a chaotropic environment to oxidizing conditions, and then removing tiie chaotropic environment 
in the presence of an effective amount of so(ut)itizIng additive. The oxidized fonn is better capable of 
survivfrig the renaturation conditions and refolding to the proper form, and can be maintained soluisillzed by 
the addition of the stabilizing additive. 

Otiier aspects of this invention relate to the renatured, oxidized, purified riPN^ta ttiat is prepared by 
45 tiie above-described improved process, and pharmaceutical compositions containing this material. 



Modes for Canrying Out the Invention 

50 

A. Definitions 

As used herein, the tenm "riFN-beta* refers to recombinant IFN-beta produced by a transfomfied micro- 
organism and whose amino acid sequence Is the same as or stmilar or sut>stantially homologous to the 
65 unglycosylated and/or glycosylated native IFN-beta. 

The rIFN-beta proteins particulariy preferred herein are those biologically active muteins (analogs) of 
human IFN-beta in which amino add residues not essential to biological activity have been deliberately 
deleted in some instances (as indicated below) or replaced witii a consenrative amino add. More 
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specifically, preferred riFN-beta proteins incJud© those wherein the cysteine residue at position 17 is 
replaced with another amino acid, preferably neutral or conservative, to elinninate sites for intermolecular 
cross-linking or incorrect intramolecular disulftde bond formation. More particularly, preferred rIFN-beta 
muteins in the fornr\ulations of this invention are those wherein the cysteine residue at amino acid position 

5 17 of the native counterpart is replaced by a serine residue (designated IFN-betajeri?) or alanine residue 
(designated IFN-betaaiai?)- 

The precise chemical structure of the rlFN-beta will depend on a number of factors. As ionizable amino 
and carboxyl groups are present in the molecule, a particular rIFN-beta may be obtained as an acidic or 
basic salt, or in neutral form. All such preparations which retain their activity when placed in suitable 

10 environmental conditions are included in the definition of "rlFN-beta." Further, the primary amino acid 
sequence of the protein may t>6 augmented by derivatization using sugar moieties (glycosylation) or by 
other supplementary molecules such as lipids, phosphate, acetyl groups and the like, more commonly by 
conjugation with saccharides. Certain aspects of such augmentation are accomplished through post- 
translatlonal processing systems of the producing host; other such modifications may t>e introduced in vitro. 

fS In any event, such modifications are included in the definition of rIFN-beta herein so long as the activity of 
the protein, as defined above, is not destroyed. It is expected, of course, that such modifications may 
quantitatively or qualitatively affect biological activity, either by enhancing or diminishing the activity of tiie 
protein in the vanous assays. 

As used herein the term "transformed" in describing host microorganism cell cultures denotes a 

20 microorganism tttat has been genetically engineered to produce riFN-beta that possesses the activity of 
native tFN-t)eta Bacteria are preferred microorganisms for producing riFN-beta. E, coli is particularly 
preferred. 

"Chaotropjc environment" refers to an environment in which proteins are denatured or changed from 
their ordinary conformations. Chaotropic environments may be engendered by the presence of suitable 
25 concentrations of chaotropic agents, as described below, or may be the result of heat or pH alterations. The 
resultant environments are capable of disrupting hydrogen txxiding in the protein and altering the 
thermodynamics of the surroundings in such a way that alternate three-dimensional conformations are 
preferred in the chaotropic environment to those found in more physiologically compatible environments. 
The term "chaotropic agent" refers to a compound or compounds which, in aqueous solution and in a 
30 suitable concentration, engender a chaotropic environment and are capable of denaturing rlFN^eta. 
Quanidine salts (e.g. the hydrochtoride) and alkali nrtetal thiocyanates (e-g.. sodium thiocyanate) and urea at 
concentrations in the range of about 4 to 9M, preferably 6 to 9M, are examples of chaotropic environments 
that will dissolve and denature rfFN-t>eta. 

"Reducing conditi'ons" are those required to place or maintain the IFN-beta in reduced form with 
35 respect to the cysteine residues. Tl\ese conditions can nnost simpty be provided by use of a suitable 
reducing agent (espedally a thiol-containrng reducing agent), or if the IFN-beta is already reduced (e.g.. in 
the cellular environment), exclusion of air and oxidation catalysts or reagents may suffice. 

"Stabilizing" additive refers to a substance or mixture of substances wliich will keep the referenced 
protein (rIFN-beta) from coming out of solution. Suitable additives include alcohols and pofyols. such as 
40 sugars, and detergents^ as further described kselow. 



B. Cell Growth 

45 The rlFN-beta-producing tiiansformed mtcro^ganisms are grown in a suitable growth medium, typically 
to an optical density (OO) of at least about 10 at 680 nm, and preferably between about 20 and 40 at 680 
nm. The composition of the growth medium will depend upon the particular microorganism involved. The 
medium is an aqueous medium containing compounds that fulfill the nutritional requirements of the 
microorganism. Growth media win typically contain assimilable sources of cart)on and niti'ogen, energy 

so sources, magnesium, potassium and sodium ions, and optionally amino acids and purine and pyrimidine 
bases. (See Review of Medical Biology . Lange Medical Publications. 14th Ed pp. 80-85 (1980),) In 
expression vectors involving the trp promoter, the tryptophan concentration in the medium is carefully 
conti'olled to become limiting at Uie time protein expresston is desired or an inducer such as lAA is 
employed. Expres^on vectors wher^ the gene sequence encoding tFN-beta is under the control of the Pl 

55 promoter are maintained in a strain such as E. ^ MCI OCX) or 0G116 gamma lysogens and the culture 
maintained at low temperature until growth is achieved. Then the temperature of tiie surroundings increased 
to a suitable temperature for induction, around 40-43 * C, and expression of the gene erKX)dlng IFN-beta Is 
thereby induced. Growth media for E. coli are well known in the art 
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After the ceils are harvested from the culture, they may be concentrated, if necessary, to about 20 to 
150 mg/ml, preferably 80 to 100 mg/ml (OD 40 to 300. preferably 160 to 200 at 680 nm) by cross-flow 
filtration, centrifugation, or other conventional methods. Preferably a compound which is nontoxic to 
humans, such as 1-octanol, in an amount of about 1% by weight of total components, is added to the 
5 fermenter before or during cell concentration to ensure that no viable recombinant organisms remain before 
cell membrane containment Is broken. 



C. Cell Disruption 

Following concentration of the harvested culture, the cell membranes of the microorganisms are 
disrupted. Conventional cell disruption techniques such as homogenlzation, sonication, digestion with 
tysozyme, or pressure cycling may be used in this step of the process. The end point of the disruption step 
can be determined by monitoring the optical density, with the absorbance at 260 nm of the suspension 
IS typically increasing with cell lysis. In any event, the disruption should break substantially all of the cells so 
that substantially no intact cells are carried through to subsequent steps. 



D. Treatment of DIsfuptate to Isolate Insoluble rIFN-beta 

20 

After the cells have been disrupted, deionized water is preferably added to the disruptate and greater 
than 99% by weight of the salts are removed by solubilization as they contain water soluble, oppositely 
charged small molecular weight Ions. The removal of these salts to reduce the ionic strength of the 
disruptate may be accomplished by diafiltration using deionized water to flush out the ions or by 
25 centrtfuging to pellet the solids followed by resuspension In deionized water. If diafiltration is employed, 
preferably deionized water Is continuously added such that the rate of addition of water equals the filtration 
rate. 

After the salts are essentially removed, optionally a compound such as 1-octanol may be added to the 
desalted disruptate, if not added earlier, to ensure that no viable recombinant organisms remain before con 
30 tainment is broken. The desalted disruptate is again disrupted as described above for the initial disruption. 

After redisruption. density or viscosity is increased and/or a gradient is created during centrifugation In 
the liquid within the disruptate by adding a material to the disruptate. There are several means to 
accomplish this purpose, all relying on the sedimentation characteristics of the particles by varying the 
density and/or viscosity of the liquid phase. One means to accomplish this goal Is to add a material which 
35 increases the density of tiie liquid to a rho of about 1.1 to 1.3 g/ml. preferably 1.13 to 1.17 g/ ml. 

Materials whtoh may be used to accomplish this density increase include a sugar or mixture of sugars, 
such as, e.g., sucrose, dextrose, fructose, maltose, maltotriose. and other mono-, di- or polysaccharides. 
Most preferably the sugar is Sucrose. Alternatively, a two-phase system of materials such as, e.g., a 
glycerol/ sucrose mixture may be used wherein the disrupted particles partition to the Interface between the 
40 heavy and light pfiases and can be eluted by a liquid/liquid separation. 

In addition, the viscosity of the liquid piiase may be increased from S to 10 cps by any suitable means 
such as by adding a viscous compound such as. e.g., sucrose or glycerol tiiereto. Also, a gradient is 
created if, e.g., the particles are in a 60% aqueous glycerol suspension while the centrifuge t>owl contains 
80% aqueous glycerol. 

45 The rIFN-beta-containing retractile bodies are tiien separated from the cellular debns by high-speed 
centrifugation. By "high-speed centrifugation* is meant spinning the suspension In a centrifuge at about 
10,000 to 40,000 times gravity (g), preferably about 10,000- 20,000 x g. for a suitable time period 
depending on the volume, generally about 10 minutes to 72 hours. At tiie end of this step, the bulk of the 
cellular components of the microorganisms have t>een separated from the rlFN-beta. In this regard the 

so particle pellet or paste resulting from the centrifugation contains approximately 10-60% by weight IFN-beta 
as determined by Lowry assay (Lowry et al, J Biol Chem (1951) 193 :265-275) and scans of Coomassie- 
stained SOS gels. 

In ttie alternative, following tiie procedure described by Moschevat J.A., et al. Methods in Enzymology - 
(1986) 170*1 77«1 83. frozen live E. ^ cell paste Is thawed In a suspension of 4 volumes of buffer 
65 containing 0.1 M Trts-HCI, pH 7,9, 50 mM EDTA. 0.1 mM PMSF, and 1 mg/m! lysozyme is added. The 
suspension is incubated at 4' C for about an hour while stinring, and the suspension is filtered through two 
layers of cheese cloth and passed through a Manton-Gaulin homogenlzer at 7000 psi. The suspension 
exiting the press Is diluted with a volume of buffer containing 10% PEG 6000, 8% potassium phosphate. pH 
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7.9, to 2 volumes of lysate. The mixture Is stirred and decanted into centrifugation holders and centrifuged 
at 3500 rpm for 1-2 hr in Sorvall RC-3B centrifuge. The pellet can then be used as the starting material for 
solubilization. 

5 

E. Sofubiiization of flFN«beta 

rIFN-beta-containing particle pellet or paste is solubilized by providing a chaotropic environment under 
reducing conditions, which may include a reducing agent The chaotropic environment may be provided by 
10 an aqueous solution of a chaotropic agent or. in the alternative, an aqueous solution wherein other 
chaotropic conditions are imposed, such as heat or high pH. Preferred chaotropic environments include 2-8 
M urea, 3- 7 M thiocyanate salts, or about 7 M guanidine hydrochloride. Atxtut 7 M guanidine hydrochloride 
is preferred. 

ITie solubilizing medium also provides reducing conditions to break disulfide bonds and to prevent the 
15 solubilized rIFN-beta from undergoing oxidation to any significant degree. The protein may already be 

reduced and exclusion of oxidizing may be adequate. However, it may be convenient to use protein 

reducing agents, especiaJly thiols, such as DTT and 2-mercaptoethanol. The concentration of reducing 

agent such as DTT in the medium will usually range between about 5 to 30 mM, preferably about 20 mM. 

The solubilization will typically be carried out at temperatures In the range of 20 'C to 25 *C with mixing. 
20 The pH. if necessary, may be adjusted to a range of 8 to 9, most preferably approximately 8.5. The 

suspension may be heated to SO £ 5* C for S to 15 minutes under nitrogen. The reaction mixture Is then 

cooled to approximately 25* C. 

The solutjilization is considered complete using an arbitrary reaction time. e.g.. several hours or when 

the solution turns translucent Optionally, any insoluble material may be separated by centrifugation or 
25 filtration after completing the solubilization. 



F. Removal of Reducing Agent 

$0 If a reducing agent has been used, the next step in the process is to remove any redudng agent from 
the solubilized rtFN-beta so that tine solubitized rlFN-beta may t>6 oxidized. Gel filtration is a preferred way 
of removing the reducing agent Gels that are capable of providing the degree of resolution required to 
separate the reducing agent from the solubilized rlFN-beta are commercially available. When DTT is used 
as the reducing agent. Sephacryl S-200 is a preferred gel; 

3S Sephadex Q-25 can also be used. The gel titration will typically be run in buffered solutions (pH 5.5 to 
7.0) containing about 0.5 to 7 M of the denaturing agent or otherwise under conditions to maint^n the 
denaturing environment. The gel column will be sized to permit suitable resolution of the components. 

Diafiftration may t>e used as an altemative to gel filtration to remove the reducing agent, maintaining the 
chaotropic environment 

40 

G. Oxidation of rfFN-beta 

The rlFN-l)eta is next subjected to a controlled oxidation. Preferred controlled oxidation procedures are 
4s descrit>ed in commonly owned U.S. Patents 4,572.798 (using an oxidation promoter containing a Cu*^ 
cation such as from Cuds. CuCNOah, etc) and 4,530,787 (using o-iodosoisenzoic acid)« the disclosures of 
which are incorporated herein by reference. The Cu ^ oxidation comprises reacting the aqueous solution of 
rlFN-beta at a pH between about 5.5 and 9. preferably 6 to 8. and most preferably about 7^. in the 
presence of air wrtii at feast an effective amount of an oxidati'on promoter containing a Cu*^cation. 
so Controlled oxidation causes the formation of disulfide bridging In the rIFN-beta wWch conforms to the 
bridging in native IFN-beta with no or minimal overoxidation and formation of nonconforming bridging or 
oligomers. Such oxidation enables tiie production of high yields of tiie recombinant IFN-beta with the proper 
disuinde bridging. 

The amount of oxidant or oxidation promoter employed is at least an effective amount for oxidation. i.e., 
55 an amount which at minimum will be necessary to conduct ttie oxidation reaction effectively within a 
convenient period of time. An effective amount is the amount approximately equivalent to the concentration 
of free sulfhydryl groups in ttie rIFN-beta which are destined to be involved in forming the desired disulfide 
bonds. Preferably, the amount of CuCb will range from about 5 to 275 mtcromolar. In. tiie case of o- 
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lodosobenzolc add the mole ratio of oxidant to rIFN-beta will preferably be in the range of about 0.05:1 to 
• about 5:t. most preferably about 0.8:1 to about 2:1. The concentration of rlPN-t>eta in the reaction mixture is 
kept low, i.e., generally less than about 5 mg/ml. preferably about 0.05 to about 2 mg/ml. and more 
preferably about 0.1 to about 1 mg/ml. to reduce the likelihood of oligomer formation. The pH is maintained 

s t}etween 5.5 and G. preferably between 7 and 8 in the o-iodosobenzoic add oxidation. 

The temperature used in the oxidation will normaTly be between about 20 'C and 40 *C. conveniently 
room temperature. For Cu^^xidation. increasing the reaction temperature increases the rate of reaction. 
The oxidation reaction may be effectively terminated by such methods as lowering the pH to a level at 
which the reaction ceases, freezing the solution, or adding chelators such as EOTA to the reaction mixture. 

10 Oxidation time will normally be in the range of about 4 hr to about one day. 

1. Renaturation of Oxidized rIFN-beta 

IS The chaotropic environment is removed from the rlFN^ta using a replacement medium which contains 
a stabilizing additive. If the chaotropic agent is, for example, removed by dialysis against aqueous buffer, 
such as phosphate buffer, aggregation occurs and loss in yield results. However, if dialysis is conducted 
against a solution containing a stabilizing addttivet this is prevented. Thus, in general, renaturation consists 
of removing the chaotropic environment from the beta-lnterferon under conditions which maintain contact of 

20 the beta-interferon with a stabilizing additive. Dialysis and diafiltration are suitable methods, and, rf the 
denaturing environment is created by elevated temperatures, lowering thereof. The dialysis or diafiltration is 
done against a medium containing the stabilizing additive: lowering of temperature, similarly, is conducted 
after addition of stabilizing materials to the medium. 

Stabilizing additives are basically of two types, detergents and nondetergents. The detergents are 

25 capable of effective behavior at relatively low concentrations of approximately 0.001 %-2%; the nondetergent 
additive concentrations are on the order of at least 5%. Typical detergent additives include, for example. 
Trycd® at 0.05-2%: Ourfax® 80 at 0.05-2%; Plurafac® CI 7 at 0.05-2%: and Tween® 80 at 0.05-2%. 
Combinations of these detergents can also be used, with the total concentration being in the range of that 
listed for individual components. 

30 Nondetergent additives, typically alcohols or polyols, including sugars, are useful as stabilizing additives 
in the present invention. Representative nondetergent additives include glycerol, mannitol. inositol, sucrose 
and dextrose. Also useful are polymers of diols, such as polyethylene glycol. Prefenred additives include 
glycerol, polyethylene glycol of 100-2000 MW, sucrose, and Isopropanol, Concentrations required are of the 
order of at least 5%; a prefenred concentration range is 5-50%. 

35 Nondetergent additives can also be used in admixture with detergent additives at compromise 
concentrations, according to the particular choice of additives selected. 
Exemplary stabilizing agents include: 

1. A mixture of ethoxylated fatty alcohol ethers and tauryl ether having the formula: 
CH3-<CH2)i, (OCH2CH2)n-OH 

40 wherein n is an integer between 10 and 14, inclusively. 

2. A mixture of modified oxyeffiylated and/or oxypropylated straight-chain alcohols having the 
fonnufte: 

H-(OCH2CH2)p - (OCH2GH2CH2)q (CH2)r-0H wherein p Is an integer between 1 and 0, inclusively: 
wherein q is zero or an integer between 1 and 10, inclusively; and 
45 wherein r is an integer between 6 and 14. inclusively. 

3. A poiysorbate compound having the formula: 



so 



55 



HjC CH-CHj-COOR 



:HO(C2H4)yH 
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wherein R is a saturated or unsaturated fatty acid having from 16 to 20 carbons, inclusively; 
wheretn t is an Integer between 10 and 30, inclusively: and 
wherein u is an integer between 1 0 and 20, inclusively. 

4- Polyoxyethylene (12) lauryl alcohol such as Trycol® LAL'12 (Emery Chemicals, Mauldin, SC) 
$ Macold LA- 12 (Mazer Chemicals. (Soumec. (L), and Siponic® L-12 (Alcoiac, Ltd.. Quebec. Canada) which 
are mixtures of ethoxylated fatty alcohol ethers and lauryl ether compounds having the formulas: 

CH3-(CH2)m (OCH2CH2)n-OH 

wherein n is a distribution from 1-30. and preferak>ly centering on n -12 and m is a distribution from 9-17 
containing a significant proportion of m » 11. 
10 5. Plurafac® C-17 (BASF Wyandotte, Parsippany, NJ) which is a mixture of modified oxyethylated 

and/or oxypropylated straight-chain alcohols having the formulas: 
H-(OCH2CH2)p (OCHzCHzCHz)^ (CH2)r-OH 

wherein p is an integer between 1 and 5, inclusively; q Is zero or an integer between 1 and 5, inclusively; 
and r is an integer between 10 and 12, inclusively. 
IS 6. Durfax® 80 (SCM Dufkee Foods. Cleveland, OH) or Tween® 80 (ICl Americas. Inc. Wilmington, 

Delaware) which are polysofft)ate 80 compounds having the formula: 



Further biodegradable non-ionic polymeric detergents having the above-noted parameters can be found 
in editions of Mccutcheon s Emulsifters & Detergents published by the Mccutcheon Division of MG 
30 Publishing Co., 175 Rock Road, Glen Rock, NJ (USA). Such non-ionic polymeric detergents can also be 
employed in the method of this invention. 

Thus, in general, tiie ordinary procedures of removal of the chaotropic environment are employed, such 
as dialysis or dilution, but the environment is replaced by one containing a stabilizing additive wherein the 
concentration of the stabili^ng additive is maintained within the 0.05-2% range during removal of the 
35 chaotropic agent in order to prevent undesired aggregation and toss of yield. 

If an rIFN-beta which does not have the cysteine residue at position 17 replaced with a neutral amino 
add (such as riFN-t)eta having ttie amino acid sequence of native IFN-beta) is being renatured. ^ has been 
ot)served that a significant amount of IFN-beta isomers having different disulfide bridging than native IFN- 
l^eta are formed. For this reason, it is preferred to carry out this process on riFN-betas in which the cysteine 
40 residue at 17 is so replaced. 



Gf. Further Purification 

45 Following the renaturation. the renatured rIFN-beta may be further purified by conventional methods 
such as ion exchange chromatography to remove other forms of the protein. The solution of renatured rlFN- 
beta is contacted with the exchanger under the appropriate conditions and the rlFN-beta is eluted with 
separation from some impurities. Addttional purification methods which may be useful are size fractionation 
using molecular sieve chromatography, affinity chroma tography using, for example, antibodies directed to 

so the biologically active form of the protein; adsorption chromatography using non-specific supports and also 
gelsupported electrophoresis. 



H. Purification to Remove Endotoxins 



Fdtlowing oddation and renaturatton. the riFN-beta is purified to remove pyrogens and endotoxins to a 
level that meets clinical specifications (i.e., less than about O.t ng endotoxin per mg of rIFN-beta and 
substantially free of pyrogens as measured by the U.S.P. rabbit pyrogen test at a dosage of 1.0 x 10^ 



20 
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units/kg). RP-HPLC and organic extraction are preferred methods for effecting such purification. 



1. Formulation 

6 

The purified IFN-beta is formulated in aqueous solution at a concentration In the range of about 0.01 to 
2 mg/ml. A water-soluble carrier is added to the desired level. The carrier will typically be added such that it 
is present in the solution at about 1% to 10% by weight, preferably about 5% by weight The exact amount 
of carrier added is not critical. Conventional solid bulking agents that are used in pharmaceutical tablet 

TO formulation may bQ used as the carrier. These materials are water soluble, do not react with the rlFN^beta, 
and are themselves stable. They are also preferably nonsensitive to water (i.e., nonhygroscopic). Specific 
examples of carriers tfiat may be added include dextrose, lactose, mannitoi, and other reduced sugars such 
as sorbitol, starches and starch hydrolysates derived from wheat com, rice, and potato, microcrystalline 
celluloses, and albumin such as human serum albumin. Mannitoi and dextrose are preferred. 

IS The carrier adds bulk to the formulatwn such that when unit dosage amounts of the solution are 
lyophilized in containers, such as sterile vials, the freez0<iried residue will be cleariy discernible to the 
naked eye. In this regard the preferred carrier, mannitoi, yields an esthetically acceptable (white, crystalline) 
residue that is not sensitive to water. The nonsensitivity of mannitoi to water may enhance the stability of 
tfie formulation. 

20 European Patent Application No, 215,658, published 25 March 1987, entitled "An Improved Formulation 
for Upophilic Proteins" (Hanisch et al) outlines an improved process for recovering and purifying lipophilic 
recombinant proteins such as rfFN-beta from microorganisms to yield a protein preparation which may . be 
formulated into a stable pharmaceutical composition. Such a composition carrying a therapeutically effective 
amount of the biologically active recombinant lipophilic protein dissolved in a nontoxic, insert, therapeutical- 

2S ly compatible aqueous-based earner medium at a pH of 6.8 to 7,8 also contains a stabilizer for the protein, 
such as human serum albumin, normal serum albumin and human plasma protein fractton. The formulation 
aspects of said EPO 215.658 are herein Incorporated by reference as an alternative formulation route for the 
purified IFN-beta, EPO 215,658 outlines a low pH formulation process. U.S. Patent 4.462,940 to Hanisch et 
ai. outlines a high pH formulation process, and the formulation aspects thereof are also herein incorporated 

30 by reference. 

After adding the carrier, the unit dosage amounts ft.e., for riFN-beta volumes that will provide 0.01 to 2 
mg, preferably 0.2 to 0.3 mg. riFN-beta per dose) of the solution are dispensed Into containers, the 
containers are capped with a slotted stopper, and the contents are lyophilized using conventional freeze- 
drying conditions and apparatus. 

35 The lyophilized. sterile product consists of a mixture of (1) riFN-tieta. (2) carrier (dextrose or mannitoi). 
(3) optionally other excipients such as human serum albumin. Tween 30. and the like, and (4) a small 
amount of buffer that will provide a physiological pH when the mixture is reconstituted. The product may 
also contain a minor amount of a preservative to enhance chemical stability. The rlFN-beta will typically 
constitute about 0.015% to 3.85% by weight of the mixture, more preferably about 0.4% to 0.6% of the 

40 mixture. 

The lyophilized mixture may be reconstituted by injecting a conventional parenteral aqueous injection 
such distilled water for injection. Ringer's solution injection, Hanks' solution injection, dexti'ose injection, 
dextrose and salt injection, physiological saline injection, or the like. Into tiie vial. The injection should be 
added against the side of the vial to avoid excess foaming. The amount of injection added to the vial will 

4s typically he in the range of 1 to 5 ml. preferably 1 to 2 ml. 

In an alternative formulation, described in copending European Patent Application No. 206,828 pub- 
lished 30 December 1986. enti'tied "Solubilization of Recombinant Proteins for Pharmaceutical Compositions 
Using Homopolymer Conjugation* to M. Knauf et al. the disclosure of which is incorporated herein by 
reference, the IFN-beta is reacted with an activated homopolymer selected from polyethylene glycol. 

50 polypropylene glycol or polybutylene glycol, said homopolymer having a molecular weight of from 500 to 
20,000 daltons. preferably 2000 to 10,000 daltons. The homopolymer is activated by conjugation with a 
coupling agent having terminal groups reactive with boih the free amine or thiol groups of the protein and 
the hydroxyl group of the homopolymer. Examples of such coupling agents include hydroxynitrobenzene 
sulfonic ester, cyanuric acid chk>rtde. and N-hydroxysuccinimide. The rIFN-beta is then formulated <firectly 

55 with the water-soluble carrier and buffer as described above, the formulation is lyophilized, and the 
lyophilized mixture may. be reconstituted as described above. 

The reconstituted fonmulation prepared as described above is suitable for parenteral and oral admin- 
istration to humans or other mammals in therapeutically effective amounts (i.e.. amounts which eliminate or 
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reduce the patient's pathological condition) to provide therapy thereto. rIFN-beta is appropriate for anti-viral 
and anti-cancer therapies and may also be useful in combination with other reagents to enhance their utility. 

The formulations of this invention are useful for parenteral administration, for example, intravenous, 
subcutaneous, intramuscutar. intraorbital, ophthalmic, intracapsular, intraspinal, intrasternal. topical, in- 
s tranasal aerosol, scarification, and also, for oral administration. The preferred routes of administration are by 

intramuscular, subcutaneous and intravenous injection, and by topical administration. The use of nonionic i 
detergents are especially preferred for topically administered formulations because of their ability to 
penetrate the skin surface. 

The following examples further illustrate the invention. These examples are not intended to limit the 
70 invention in any manner. In these examples all temperatures are In degrees Celsius unless otherwise 
indicated. 



Example 1 

Tl^is example illustrates a preferred process for recovering, purifying, renaturing, and formulating rlPN- 
t^eta. 

IFN-b€ta^i7 was recovered from E. coli. The strain of IFN-beta^Mrproducing E. coU (K12/MM294-1) 
20 carrying plasmid pSY250l used in this example is deposited at the American Type^Culture Collection 
under accession numt>er 39,517. Said analog is disclosed in U.S. Patents Nos. 4,518.584 and 4,588.585 
assigned to Cetus Corporation. 

The E. coli were grown in a 1000-liter fermenter at 37*0. The dissolved oxygen is maintained at about 
40% by, as necessary, (1 ) increasing agitation; (2) adding air; and (3) adding oxygen. 
25 Once the fermenter is filled with water to the operating volume, the following trace elements are added: 



ZnSO* • 7H2O 


30 uM 


MnSO* • 4H2O 


30 uM 


CuSO* • SH2O 


3uM 


Na3 citrate • 2H2O 


1,5 mM 


KH2 PO* 


21 mM 


(NHifcSO* 


72 mM. 



3S 

The fermenter feed and addition vessels are then sterilized according to standard operating procedures. 
Then the following sterile additions are made: 



MgSO* • THaO 


3mM 


FeS04 • 7H2O 


72 uM 


L-tryptophan 


70 mg/L 


tfiiamine • HCI 


20 mg/L 


glucose 


5g/L 


tetracycline 


5 mg/L- 



The fermenter was cooled and Inoculated with frozen or seed E. coli culture at 2 mg/L A glucose feed is 
employed to maintain the glucose concentration between 5-10 g/L, At approximately IS hours after 
^ fermentation is begun, the pH is adjusted with KOH to 6.8, Optical density measurements and residual 
glucose measurements on samples are taken at 14-16 hours and approximately one hour intervals 
thereafter. 

Induction of fFN-betaseri? production by depleti'on of L-tryptophan from the culture medium occurs at 
about CDs 80 = 10 followed by tiie addition of casamino acids to a final concentration of 2% at ODsso = 15. 
^ Cultures were harvested about 3-5 hours later. 

The retractile bodies containing the lFN-betase,i7 were then isolated. The harvested material is 
concentrated about 5-10 fold by circulating the harvest material under pressure through UF cross-flow 
fiftratfon cartridges with 3 100K molecular weight cutoff. The ceils are disrupted by 3 passes through a 
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disrupter (Manton-Gaufin press) at about 6000-8000 psig. 

EOTA was added to 2 mM and the suspension was diafiltered against 5 volumes of deionlzed water. 
Octanol was added to 1% (v/v) to fdlf any residual live bacteria in the diafiltered product. After several hours, 
the diafiltered disruptate was redisrupted by passing it through a Manton-Gauiin press at 6000-8000 psig. 
6 Sucrose was added to the redisruptate to a concentration of 23% (wt/wt) to create a final density 
between 1.1 and 1.25 g/ml. The mixture was centrifugod at 10,000 to 20,000 x g at 1-2 fpm, and the particle 
pellet or paste collected. A temperature of at least 20* C was maintained prior to and during centrifugation. 

The particle paste was then solubilized in 7 M guanidine HCI (GuHCI) with 50 mM DTT. The solubilized 
paste was then centrifuged at 25,000-35.000 x g and the supernatant recovered, 
10 The supernatant was heated to 50 ± 5 * C for 20 min under nitrogen at a pH of about 8.5. The reaction 
mixture was then cooled to approximately 25 'C. and then the pH of the mixture readjusted to 5.5 ±0.1 
using glaciaf acetic acid, and the solution filtered through a 0.65 um filter. 

Chromatographic separation of the lower molecular weight contaminants was achieved using a 
Sephadex® G-25 column. The solubilized and reduced refractile body protein was loaded onto the column 
T5 and fractions were collected into clean, depyroginated vessels using an elution buffer containing 7 M 
guanidine HCI at pH 7.5 and 10 mM sodium phosphate buffer pH 5. Peak fractions (those falling within 70% 
of the maximum peak height) were pooled and oxidized as taught befow. 

The 7 M GuHCI concentration was maintained throughout the solubilization and chromatographic 
separation procedures. 

20 Oxidation of the rIFN-beta was initiated by adding CuCh in a molar ratio of 3:1 (CuCIs to rlFN-beta). 
The oxidation was carried out at at>out 25*0. The pH was controlled at 7.5 t 0J2 with 0.5N NaOH during 
oxidation and 4 mM EDTA was added when the oxidation was completed. Since oxidized rlFN-beta Is more 
hydrophiUc than reduced rlFN-beta, the progress of the oxidation reaction was monitored by W-HPLC. 
Oxidized rIFN-beta was concentrated using a hollow fiber ultrafiltration unit with a 10K molecular weight cut- 

25 off. 



EXAMPLE 2 



At this point, a stabilizing additive was added to the oxidized IFN-beta material while guanidine HCI is 
still present, and the solution was dialyzed to remove the guanidine. The solubilized. oxidized material was 
divided into aliquots and a different stabilizing agent or a non-ionic detergent was added to each aliquot A 
summary of the stabilizing agents and non-ionic detergents used in this example, as well as the 
35 concentration used, is provided In Table 1. 
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TABLE 1 



Reagents to Keep IFN-t)eta Soluble as Guanidine HCl is 


Removed 






Successful ( + )/ 




Unsuccessful (-) 


10 mM HaP'u pH5 




Non-(Qft(c Detergents 


TiVcol (03%) 


+ 


Tryco}(0,15%) 


+ 


DurfaxSO (0.1%) 


+ 


Plurafac C17(0.1%) 


+ 


Nopaico + Triton X405 (0.05% + 0.1%) 




Non-Detergents 


Ethylene Glycol (20%) 




Propylene Glycol (20%) 




PEGeooo (10%) 




PEGaoQ (15%) 


♦ 


PEG3Q0 (25%) 


+ 


Glycerol (25%) 


t 


1 .2'butanediol (20%) 




3-plienoxy-1 ^-propanediol (5%) 




Glucose (50%) 




Sucrose (50%) 


i 


Isopropanol (20%) 




Isopropanot (50%) 


+ 



Each alrquot was dialyzed against 20-50 mM sodium phosphate buffer. pH 5.0 containing the 
appropriate stabilizer or detergent The concentration of the stabilizing additive was maintained within the 

35 0.05-2% range throughout the removal of guanidine HCl. Dialysis was run at pH 5.0 because rIFN-beta is 
more soluble at low pH than at neutral or higher pH. As the guanidine HCl was dialyzed from the sample, a 
precipitate formed. The allquots were centrifuged at 5.000 x g for 15 min and both the supernatant and the 
pellet, resuspended in 1% SDS, were saved. The supernatant and resuspended pellet were analyzed by 
SOS-PAGE (PHAST system by Pharmacia) and silver stain to locate the rlFN-beta. 

40 The results indicate that three non-ionic detergents, Trycol, Durfax 80 and Plurafac C17 (all at 0.1- 
0.15% and pH 5) keep greater than 50% of the IFN-beta in solution. Four non-detergent stabilizers also 
operate to keep IFN-beta in solution: 15% PEG300. 25% glycerol. 50% sucrose, and 20% isopropanol. It 
has also been demonstrated that adjusting concentration and/or pH for any of these stabilizing additives 
nruiy improve efficacy. For example. Table 2 shows the results of adjusting concentration and pH for 

45 glycerol. The results indicate that increasing gtyceroi concentration to 50% and towering the pH to 4 results 
in greater IFN-beta solubility. 



Table 2 



Glycerol (25 


% A2ao in 


mM NaPi) 


Supernatant 


50%. pH 5 


50 


50%. pH 4 


. 86 


25%. pH 5 


13 


25%. pH 4 


31 
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Similar results are seen with PEQaoo. Combinations of detergents and non-detergent stabilizers were 
also used In the present solubilization process. For example. 25% glycerol at pH 4 was individually added 
to 0.01% Tween 80 and 0-01% Trycol in the dialysis' procedure. Absorbances at 280 nm were measured 
and SOS-PAGE analysts demonstrated that both of these non-ionic detergents increased the efficacy of 
5 glycerol sufficrently to keep most of the IFN-beta in solution. 



EXAMPLE S 

10 

This example provides four purification protocols which can bo used singly or in combination with the 
other protocols for the purification of rIFN-beta. 



IS Ion Exchange Chromatography (lEC) 

Solution containing riPN-beta is contacted with an appropriate ion exchange material under conditions in 
which the riFN-beta is retained by the exchanger and impurities are removed. rlFN-beta is then eluted by 
changing conditions to disrupt the interaction of the rIFN-beta with the exchanger, for example with a 
20 gradient of increasing salt and/or pH. Impurities that are also retained by the exchanger under the initial 
application conditions may be separated during the elution procedure. Alternatively, the solution containing 
rIFN-tteta is contacted with the exchanger under conditions in which Impurities are retained and the rIFN- 
beta elutes. 

2S 

Hydrophobic Interaction Chromatography (HIC) 

Solution containing rIFN-beta is contacted with an appropriate HIC support under conditions in vriiich 
the rIFN-beta is retained by the support and impurities are eluted. rIFN-beta is then eluted by changing 
30 conditions, for example by a gradient of decreasing salt concentration and/or pH change. Alternatively, riFN- 
beta may be contacted with the HIC support under conditions in which impurities are retained and rlFN-beta 
elutes. 



as Size Exclusion Chromatography (SEC) 

Solution containing rIFN-beta Is eluted over an appropriate material that separates on the basis of 
molecular size. The fractions containing rIFN-beta are recovered and pooled. 

40 

AfHnity Chromatography 

Solution containing rIFN-beta is contacted with a support material that has been derivatized with a 
substance that selectively interacts with the rIFN-beta such as a monoclonal antibody. riFN-beta Is retained 
4s while impurities elute. rlFN-l)eta is then eluted by disrupting the specific interaction. 

Modifications of the above-described modes for canrylng out the Invention that are obvious to those 
skilled in sciences and technologies related to the invention are Intended to be within the scope of the 
following claims. 

50 

Deposits 



As mentioned at>ove» a culture of E. coll K12/ MM294-1 carrying plasmid pSY2501 was deposited at the 
55 American Type Culture Collection, 12301 Parklawn Drive, Rockville, MO 20852. US. on November 18. 1983 
under ATCC No. 39.517, 

Said deposit was made pursuant to a contract between the ATCC and the assignee of this patent 
application, Cetus Corporation. The contract with the ATCC provides for permanent availability of said strain 
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and progeny thereof to the public upon issuance of a U.S. patent related to this application describing and 
identifying the deposit or upon the publication or laying open to the public of any U.S. or foreign patent 
application, whichever comes first and for the availability of the strain and the progeny thereof to one 
determined by the U.S. Commissioner of Patents and Trademarks to be entitled thereto according to 35 

5 use 122 and the Commissioner's rules pursuant thereto (including 37 CFR 1.14 with particular reference to 
886 OG 638). The assignee of the present application has agreed that if the strain on deposit should die or 
be lost or destroyed when cultivated under suitable conditions, it will be promptly replaced upon notification 
with a viable culture of the same strain. 

The deposit under the terms of the Budapest Treaty assure that said culture deposited will be 

10 maintained in a viable and uncontaminated condition for a period of at least five years after the most recent 
request for the furnishing o1 a sample of the deposited microorganism was received by the ATCC and, in 
any case, for a period of at least 30 years after the date of the deposit 

Availability of the deposited strain is not to be construed as a license to practice the invention in 
contravention of the rights granted under the authority of any government in accordance with its patent 

rs laws. 



Claims 

20 1. A process to obtain purified, btologically active, bacterially produced IFN-beta, which process 
comixises: 

(a) subjecting reduced, solubilized. bacterially produced IFN-ljeta which is disposed in a chaotropic 
environment to oxidizing conditions, and 

(b) removing the chaotropic environment in the presence of an effective amount of a stabilizing 
25 additive. 

2. The process of claim 1 wherein the reduced, solubili2ed IFN-t)eta is obtained by dissolving refractlle 
bodies harvested from bacteria, transformed with an expression system for IFN-t)eta production and 
induced for such production, in an aqueous solution of a chaotropic agent in the presence of a reducing 
agent 

30 3. The process of claim 2 wherein the chaotropic agent is selected from urea and a guanidinlum salt 
4. The process of claim 2 wherein ttie reducing agent is a thiol. 

6. The process of claim 1 wherein the oxidizing conditions are provided by cupric ion or o- 
iodosobenzoic add. • . 

6. The process of claim 1 wherein the stabilizing additive is a detergent 
as 7. The process of claim 6 wherein said detergent Is selected from the group comprising: potyox- 
yethylene (12) lauryl alcohol: mixtures of modified oxyethylated and/or oxypropylated straight*chain al- 
cohols: and polysorbate 80 compounds. 

8. The process of claim 1 wherein the stabilizing additive is at^out 5-50% of an alcohol, polyol. or sugar. 

9. The process of claim 8 wherein the statnlizing additive is selected from glycerol. PE(3, sucrose, and 
40 isopropar^l. 

10. A preparation of purified, oxidized, biologically active lFN-t)eta produced in bacteria with an 
endotoxin content of less than 0.1% prepared by the process of claim 1. 
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